Two isolates of bacterial strains A15
The genus Ferrovibrio was first proposed by Sorokina et al. and currently consists of two validly published species, Ferrovibrio denitrificans and Ferrovibrio xuzhouensis [1, 2] . Members of the genus Ferrovibrio are characterized by having cells that are Gram-stain-negative, aerobic or facultative anaerobic, motile, catalase-positive and oxidase-positive. The major respiratory quinone is Q-10. DNA G+C content ranges from 62.9 to 66.5 mol%. The major cellular fatty acids are summed feature 8 (C 18 : 1 !7c and/or C 18 : 1 !6c), C 16 : 0 , C 19 : 0 cyclo !8c and C 12:0. The major polar lipids are phosphatidylethanolamine and phosphatidylglycerol. This study describes a novel member of the genus Ferrovibrio isolated from soil during a study of bacterial diversity in soil.
Strains A15
T and A17 were isolated from stream bank soil near Kyonggi University, Suwon, Republic of Korea, and subjected to polyphasic taxonomic characterization. Polyphasic analyses indicated that strains A15
T and A17 represent a novel species in the genus Ferrovibrio of the family Rhodospirillaceae. Strains A15
T and A17 were isolated using a modified culture technique with six-well polycarbonate transwell plates (Corning). Isolation, routine culture and preservation were done as described previously [3, 4] .
Genomic DNA of strains A15
T and A17 was extracted using an InstaGene Matrix kit (Bio-Rad). The 16S rRNA genes were amplified by PCR using universal bacterial primers 27F and 1492R [5] . The PCR product was purified by using a multiscreen-filter plate (Millipore), and was sequenced with an Applied Biosystems 3770XL DNA analyser using a BigDye Terminator cycle sequencing kit version 3.1 (Applied Biosystems). An almost-complete sequence of the 16S rRNA gene was assembled with SeqMan software (DNASTAR). Nearly complete lengths of 16S rRNA gene sequences for strains A15
T and A17 were 1432 and 1421 base pairs, respectively. The closest phylogenetic neighbours of strains A15
T and A17 were identified using the EzBioCloud database [6] . All the 16S rRNA sequences of the closest members were retrieved from GenBank and subjected to multiple sequence alignment using CLUSTAL_X 2.1 [7] . Gaps at the 5¢ and 3¢ ends after multiple sequence alignment were deleted using the BioEdit software package [8] . Phylogenetic trees were generated using MEGA version 7 [9] . Three different treeing methods (neighbour-joining [10] , maximumlikelihood [11] and maximum-parsimony algorithm [12] ) were used to find the phylogenetic position of each isolated strain. The evolutionary distances were calculated using Kimura's two-parameter model [13] , and bootstrap values were calculated based on 1000 replications [14] while reconstructing the phylogenetic tree. Preliminary comparisons with the 16S rRNA gene sequences in GenBank indicated that strain A15
T formed a lineage within the family Rhodospirillaceae of the phylum Proteobacteria. Strains A15 T and A17 were distinct from F. denitrificans S3 T (98.4 % sequence similarity) and F. xuzhouensis LM-6 T (97.4 %). The 16S rRNA gene sequence identities of strains A15
T and A17 to other members of the family Rhodospirillaceae were less than 93.5 %. The pairwise similarity between strains A15 T and A17 on the basis of its 16S rRNA gene sequences was 99.2 %. The phylogenetic tree based on these sequences and ones with lower similarities of the order Sneathiellales are presented in Figs 1, S3 and S4 (available in the online version of this article).
The morphologies of cells grown on R2A agar for 2-5 days at 28 C were observed by light microscopy (BX50 microscope; Olympus) and transmission electron microscopy (Bio-TEM, Hitachi, H-7650). Colony morphology was observed on R2A agar after incubation at 28 C for 4 days using a zoom stereo microscope (SZ61; Olympus). Motility was observed in R2A medium containing 0.4 % agar. Gram staining was performed as described previously by Doetsch [15] . Oxidase activity was determined using 1 % (w/v) tetra-methyl-p-phenylenediamine dihydrochloride. Catalase activity was determined by production of bubbles with 3 % (v/v) hydrogen peroxide (H 2 O 2 ). Growth was observed on various media, including R2A agar (MB Cell), nutrient agar (NA; Oxoid), tryptone soya agar (TSA; Oxoid), sorbitol MacConkey agar (MA; Oxoid), marine agar (MA; Difco), brain heart infusion agar (BHI; Bacto), Mueller-Hinton agar (MHA; BBL), veal infusion agar (Difco) and Luria-Bertani agar (LBA; Oxoid). Growth at various temperatures (4, 10, 15, 20, 25, 28, 30 , 32, 35, 37, 40, 42 and 45 C) was determined on R2A agar plates for 7 days. The pH range for growth was determined at 28 C in R2A broth adjusted to pH 4-12 (at 0.5 pH unit intervals) prior to sterilization using 5 M citrate/NaH 2 PO 4 buffer (for pH 4.0-5.5), 5 M phosphate buffer (for pH 6-7.5), 5 M Tris buffer (for pH 8.0-10.0) [16] , and 5 M NaOH (for pH 10.5-12.0). Growth in NaCl was examined in R2A broth containing 0-5 % NaCl concentration (w/v, at 0.5 % intervals). Anaerobic growth was checked on R2A agar at 28 C for 10 days in a BBL (Becton Dickinson) anaerobic jar with a GasPak EZ Gas Generating Container (Becton Dickinson). Hydrolysis of Tween 80, Tween 60 and Tween 40 was determined according to method of Smibert and Krieg [17] . Hydrolysis of chitin, CM-cellulose, hypoxanthine, tyrosine, starch and casein were evaluated as described previously [18] . Production of hydrogen sulphide and indole was assessed using sulphide indole motility medium (SIM; Oxoid). A DNase assay was performed on DNase agar (Oxoid) by flooding 6 N HCl. Presence of spores was evaluated by staining with malachite green. Other physiological and biochemical
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Rhodoligotrophos appendicifer 120-1 T (AB617575) tests were performed using API 20NE and API ID 32GN test kits (bioM erieux). Enzyme activities were tested using an API ZYM kit (bioM erieux) according to the manufacturer's instructions. Differential physiological characteristics of strains A15
T and A17 with other members of the genus Ferrovibrio are presented in Table 1 .
For the fatty acid analysis, strains A15
T and A17, and the reference strains were grown on R2A agar plates at 28 C for 3 days. Fatty acids were extracted using the standard MIDI protocol (Sherlock Microbial Identification System, version 6.0B). The fatty acids were analysed with a gas chromatograph (HP 6890 Series GC System; Hewlett Packard) and identified using the TSBA6 database of the Microbial Identification System [19] . The major cellular fatty acids were C 19 : 0 cyclo!8c, C 16 : 0 , summed feature 8 (C 18 : 1 !7c and/or C 18 : 1 !6c), C 18 : 0 cyclo and C 12 : 0 .
The respiratory quinone and polar lipids were extracted and analysed from freeze-dried cells as described by Minnikin et al. [20] . Isoprenoid quinone was extracted with methanol-water (10 : 1 v/v; water containing 0.3 % sodium chloride) and petroleum ether at 80 C, evaporated under a vacuum, re-extracted with acetone, and analysed by highperformance liquid chromatography [20, 21] . Ubiquinone-10 (Q-10) was the only detected respiratory quinone for both strains. The polar lipids were analysed by two-dimensional thin-layer chromatography using chloroform/methanol/water (65 : 25 : 4; v/v/v) in the first direction and chloroform/methanol/acetic acid/water (40 : 7.5 : 6 : 2, v/v/v/ v) in the second direction. Appropriate detection reagents [20, 22] were used to identify the spots; molybdophosphoric acid (phosphomolybdic acid reagent, 5 % v/v solution in ethanol; Sigma-Aldrich) was used to detect total polar lipids, ninhydrin reagent (0.2 % solution; Sigma Life Science) was used to detect amino lipids, Zinzadze reagent (molybdenum blue spray reagent, 1.3 %; Sigma Life Sciences) was used to detect phospholipids and a-naphthol reagent was used to detect glycolipids. The major polar lipids of strain A15 T were phosphatidylethanolamine, phosphatidylglycerol and an unidentified aminolipid. In addition, an unidentified phosphoglycolipid and an unidentified polar lipid were also detected in moderate amounts (Fig. S2) . The same spots and position of polar lipids were detected for strain A17 (data not shown).
For DNA-DNA hybridization and DNA G+C mol%, genomic DNA of strains A15
T and A17, and the references, was [2] . All the data were from this study except those indicated in the parentheses. +, Positive; -, negative; W, weakly positive. extracted according to method presented by Cheng and Jiang [23] . DNA G+C content was determined according to the procedure described by Mesbah et al. [24] . The DNA G+C content of type strains A15 T and A17 were 63.4 and 62.9 mol%, respectively. DNA-DNA hybridization was measured fluorometrically according to the method developed by Ezaki et al. [25] , using photobiotin-labelled DNA probes and micro-dilution plates. DNA-DNA relatedness of strain A15
T showed DNA similarities of 37.9±2.5 % with F. denitrificans LMG 25817 T and 25.1±2.3 % with F. xuzhouensis KCTC 42182
T . DNA-DNA relatedness between strains A15
T and A17 was 91.6±2.7 % representing a single novel species. All the assays were carried out in triplicate. DNA-DNA relatedness between the species showed that strain A15
T differed genetically from Ferrovibrio type strains at the species level [26] .
Cells of strain A15
T were rod-shaped (Fig. S1 ). The ability to hydrolyse CM-cellulose; 1.5 % of salt tolerance; the ability to assimilate lactic acid, L-alanine, L-histidine, L-proline and sodium acetate; and the positive test for indole phenotypically differentiated strains A15 T and A17 from other members of the genus Ferrovibrio (Table 1 ). The major cellular fatty acids of type strain A15
T were C 19 : 0 cyclo!8c (33.6 %), C 16 : 0 (16.2 %), summed feature 8 (C 18 : 1 !7c and/or C 18 : 1 !6c; 11.1 %), C 18 : 0 cyclo (8.1 %) and C 12 : 0 (5.5 %). The absence of minor fatty acids summed feature 4 (iso-C 17 : 1 I and/or anteiso-C 17 : 1 B); presence of minor fatty acids C 10 : 0 , iso-C 19 : 0 , C 18 : 1 !7c 11-methyl, C 20 : 2 !6,9c and anteiso-C 17 : 1 !9c and the differences in percentage of major and other minor fatty acids showed characteristic differences of strain A15
T from the other type strains of the genus Ferrovibrio (Table 2 ). In addition, strains A15
T and A17 formed a clade with other two members of the genus Ferrovibrio with a high percentage of bootstrap support for a separate species (Figs 1, S3 and S4). Furthermore, major polar lipids were phosphatidylethanolamine and phosphatidylglycerol; in addition to other minor total lipids and their spot positions also differentiated strain A15
T as a different species in the genus Ferrovibrio (Fig. S2) [2] . Based on the polyphasic characterization, strains A15
T and A17 represent a novel member in the genus Ferrovibrio, for which the name Ferrovibrio soli sp. nov. is proposed.
DESCRIPTION OF FERROVIBRIO SOLI SP. NOV.
Ferrovibrio soli (so¢li. L. gen. n. soli of soil, the source of the type strain).
Cells are aerobic, Gram-stain-negative, motile, non-sporeforming and rod-shaped. Cells grow well on R2A, MHA, TSA and veal infusion agar; weakly on NA and LBA; but no growth is observed on marine agar, BHI and MacConkey agar. Colonies on R2A are cream-coloured, circular, entire, convex and opaque. After incubation on R2A agar for 4 days at 28 C, the size of the colonies are 1-2 mm in diameter. Cells are motile due to the presence of a single polar flagellum. Cells grow at 20-42 C (optimum, 28-32 C) and pH 5.5-10.0 (optimum pH, 7.0-8.0). Grows optimally in the absence of NaCl but tolerate 1.5 % of NaCl concentration. Hydrogen sulphide is not produced from culture in SIM medium. Glucose is not fermented. Oxidase and catalase tests are positive. Gelatin is not liquefied. CM-cellulose is hydrolysed but starch, DNA, chitin, tyrosine, casein, hypoxanthine, Tween 40, Tween 60 and Tween 80 are not. Nitrate is not reduced to nitrite. Indole test is positive. The type strain shows the following enzyme activities: positive for esterase lipase (C8) and leucine arylamidase; weakly positive for alkaline phosphatase, esterase (C4), valine arylamidase, cystine arylamidase, a-chymotrypsin and naphthol-AS-BI-phosphohydrolase; and negative for lipase (C14), trypsin, acid phosphatase, a-galactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, N-acetyl-bglucosaminidase, a-mannosidase and a-fucosidase. The following substrates are assimilated: malic acid, suberic acid, sodium acetate, lactic acid, L-alanine, valeric acid, 
